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continuous measurements of the distance by the same laser beams from the Earth to the LADEE spacecraft with an accuracy of less than 10 mm.
The amount of information from telecommunication satellites in GEO constantly increases and there is a demand for a high-rate information transmission from the ground, in particular, by laser link via atmosphere. To mitigate the influence of atmospheric conditions on ground-to-space and space-to-ground laser communication, it would be desirable to have a network of OGS with different atmosphere conditions.
START OF MAO DEVELOPMENT
ESA's OGS uses the Coude focus of a 1m telescope located at an altitude of 2400 m above sea level. In 2002, the Main Astronomical Observatory (MAO) of the National Academy of Science of Ukraine started the development of a ground laser communication system for the 0.7 m AZT-2 telescope using the Cassegrain focus of a 0.7 m telescope at an altitude of 190 m above sea level. Some design works have been performed [6] [7] [8] [9] . Therefore, it was interesting to compare the influence of atmosphere conditions in different atmosphere regions. Comparative study of atmosphere turbulence at ESA's OGS and MAO telescope has been performed as well [10] [11] .
Some experiments with ARTEMIS satellite started. [12] . The precision pointing and tracking system for AZT-2 telescope and other systems were developed [13, 14, 15] .
LASER COMMUNICATION EXPERIMENTS WITH ARTEMIS
As a result, the MAO developed a compact laser communication system called LACES (Laser Atmosphere and Communication Experiments with Satellites) [16] . The work was supported by the contracts with European Space Agency and National Space Agency of Ukraine. Laser experiments between MAO and ARTEMIS have been performed. Laser links between LACES terminal of AZT-2 telescope and OPALE communication terminal of ARTEMIS have been established [17] .
To mitigate the influence of atmospheric conditions on ground-to-space and space-to-ground laser communication, it would be desirable to have a network of OGS in different atmosphere regions. Synchronous tests of laser active ARTEMIS Satellite by ground network of optical ground stations of Ukraine have been carried out as well [18] .
LASER EXPERIMENTS WITH ARTEMIS IN CLOUDY CONDITIONS
Some laser experiments with ARTEMIS satellite were performed in cloudy conditions at an altitude above the horizon from 22 to 25 degrees. The laser beams from the satellite were recorded through clouds by tracking CCD camera with 732 × 582-pixel censor. The calculated pixel scale in the focal plane was 0.327 arc-sec per pixel for X(α) and 0.316 arc-sec per pixel for Y(δ) directions. The splitting of laser beam from the satellite was observed in X (right ascension) and Y (declination) directions. The splitting along the declination direction may be interpreted as result of extreme refraction in the atmosphere at low altitudes above the horizon.
The angular splitting between A and C components for image art3174 and between A and B components of image art4331 was: ΔХ(α) = 6 pixels or 1.962 arc-sec in the right ascension (аhead angle) directions ( Fig. 1 a, b) .
The angular splitting between A and C components of the image art3308 was also ΔX(α) = 1.962 arc-sec ( Fig. 2, a) . Maximum signal for A component is 47579 levels for the analog to digital convertor (ADC) and 19486 levels for C component. Signal noise was approximately 60 levels. So, for image art3308 the signal/noise ratio was 793 for A component and 325 for C component. (Fig. 2, b) . The next beacon peaks observed through clouds can be seen in image art3350 (Fig. 3, a) and image art3351 (Fig. 3, b) . For these images the angular splitting between A and B components was also ΔX(α) = 1.962 arc-sec.
As a result, a small part of the laser beam has been found to be observed ahead of the velocity vector simultaneously in the point the satellite would ar-rive at for the time of propagation of laser light from the satellite to the telescope [19, 20] (Fig. 4, a) .
For precision tracking of the satellite right ascension angles (α), hour angles (H), declinations (δ) of the telescope and distances L to the sa tellite, as well as time of propagation Tsig of laser radiation from the satellite to the telescope primarily were calculated. Tsig = L × Vsig -1 were Vsig = C which ) in space. From NORAD 2-line elements of the sa tellite da ta we know that velocity of the satellite is 3.07 km×s -1 .
The point-ahead angle Qf is determined as
The result is Qf = = 2.112 arc-sec. The direction of moving satellite may see from directions of moving star observed between of clouds (Fig. 5, a) .
The point-ahead angle Qf was calculated for orbit plane of the satellite that has inclination β = = 10° 20'28" to the Earth equator plane (Fig .4, b) . The velocity vector of the satellite has the same inclination. It is necessary to know the projections of Lab on the right ascension (hour angle) direction of the telescope for performing further correction of the hour angle (on the point-ahead angle) of the telescope. The corrected point-ahead angles Qfαβ on hour angle direction are also determined and result is Qfαβ = 2.078 arc-sec. It is close to the point-ahead angle previously calculated by us. The ahead angle Qfαβ for the right ascension direction has been computed as well. For different declinations (δ) of the satellite observed the ahead angles are Qfαβδ. The results of observed and calculated point-ahead angles are presented in Table. In the observations of propagation of laser light from the satellite to MAO OGS through clouds, the positions of ARTEMIS that were equivalent to the calculated point-ahead angle for the satellite were directly observed. Qfαβδ are corrected point-ahead angles for telescope coordinating system; Δα is observed point-ahead angles for telescope coordinate system. The differences from observed and calculated point-ahead angles are from 0.009 to 0.020 arc-sec and up to 0.034 arc-sec for image art4331 with smaller δ of -14.577. The accuracy of observations is limited by size of 1 or 2 pixels and is 0.164 -0.327 arc-sec along of X axis of the 
DERECTLY OBSERVED LASER LIGHT ABERRATION
The stellar aberration, as a result of the Earth motion around of the Sun, was discovered by James Bradley with results presented in Bradley J. (1727) [21] . We study the motion of ARTEMIS satellite in space around of Earth. In accordance with the theory of relativity, the aberration of light changes the direction of light during the transition from immovable to movable coordinate systems. We have two coordinate systems. The first one (X', Y', and Z') is for the satellite (Fig. 5. b) . The second coordinate system (X, Y, and Z) is for the telescope. The light direction θ' in the satellite coordinate system is determined by Eq. (1) in accordance with the description presented in C. Moller (1972) [22] .
when the satellite is tracked, the X axis is pa rallel to X' and the Y axis is parallel to Y'. The sa tellite center is equivalent to the center of X', Y', Z' coordinates calculated for every time of observations. The center of our telescope CCD camera is equivalent to the center of X, Y, Z coordinates. As a result, the angle θ is 90°. It is in good agreement with the calculated angle θ' determined by aberration equation (2) (V<< C). The light aberration angle (the point-ahead ang le) is determined as Δθ = θ -θ'. In our case Δθ = 2.112 arc-sec (V = = 3.07 km/s, C = 299,792 km/s). Thus, Δθ = Qf as calculated previously. We directly observed the laser light aberration as result of satellite moving with angular velocity close to angu lar rotation of the Earth. For the time being, no other examples of direct observations of this aberration for satellites have been known [20] .
CONCLUSIONS
A small part of laser beam has been found to be observed ahead of the velocity vector in the point the satellite would arrive at for the time of pro pagation of the laser light from the satellite to the te lescope. The point-ahead angles and the laser light aberration as result of satellite moving with angular velocity close to angular rotation of the Earth have been directly observed. No other examples of direct observations of laser radiation from point-ahead angles and aberration of laser light for satellites have been known so far.
The turbulence conditions in ahead points are very important for the development of systems for 
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